This article describes UMass Amherst Libraries data management workshops and online resources developed for graduate students. Although students respond favorably to general "Data Management Basics" workshops, they offer suggestions for improvement and request discipline-specific examples, tools, and resources to augment the general information presented. In response, the Libraries' Data Working Group aims to develop both broad-based, discipline agnostic workshops as well as on-demand, discipline-specific workshops.
Introduction
Federal funding agency data management plan requirements-specifically the National Science Foundation (NSF), National Institutes of Health, and National Endowment for the Humanities-have a direct impact on research teams. In addition to principal investigators, graduate students that participate in sponsored research with data management plan requirements are affected; at a minimum, they need to be aware of and adhere to their principal investigator's plan for the effective management, storage, and sharing of research data. University libraries are working to support graduate students who work with data through data management curriculum development, as evidenced by recent work at the University of Minnesota, University of Massachusetts Medical School, and Worcester Polytechnic Institute, among other institutions (University of Massachusetts Medical School Lamar Soutter Library and Worcester Polytechnic Institute George C. Gordon Library 2012; Johnston, Lafferty, and Petsan 2012).
The University of Massachusetts Amherst (UMass Amherst) is classified as a Carnegie Foundation Research University with Very High research activity, and is a top-50 recipient of NSF funding. At an institution like UMass Amherst, data management education is essential due to the high research rate occurring across the institution and the significant portion of research funded through agencies with data management plan requirements. Library-developed data management education practices for graduate students are emerging, but these activities are relatively new to mainstream science librarianship, and should be further documented and explored. For example, Carlson et. al.'s study of faculty and graduate student data information literacy needs describes gaps in graduate student knowledge of basic data management skills and recommends data information literacy as a natural extension of the jurisdiction of librarian instruction (Carlson 2011) . Insight gained from a case Correspondence to Jessica Adamick: jadamick@library.umass.edu Keywords: data management, data management training, graduate students, university libraries 180 study exploration of graduate-level data management education will contribute to the advancement of library-developed data management curricula. A case study research method was chosen for this paper in order to contribute to an "evidence base for professional applications" (Zucker 2009).
The UMass Amherst Libraries are working to support both faculty and graduate students responsible for managing research data. A Data Working Group (DWG) was formed in the library to address this growing need, and is charged with creating meaningful resources on data management for the University community. The DWG provides data management plan consulting services, online resources for data management best practices and local support, and data management workshops for faculty and graduate students.
The DWG conducted a graduate student focus group in October 2010 on data management, which demonstrated a need for greater data education; participants were engaged with the issue and wanted to know more about best practices and local resources. The focus group's conversation revealed that the students present were responsible for the collection, documentation, and management of data for their research projects. None of the students present reported formal training on this topic through their departments or research groups. In response, the DWG began a series of educational workshops for graduate students, which are the basis of this case study.
Methodology
This paper is a Descriptive and Evaluative Case Study (Mariano 1993) ; the DWG's graduate student data management workshops are described and evaluated. Student participation, expectations, and postworkshop feedback are analyzed to determine the effectiveness of the program and to identify prospects and strategies for data management education. There are multiple units of analysis: survey responses, student demographics, and observational and field notes from question and answer sessions. The units were analyzed inductively, where "themes and categories emerge from the data through the researcher's careful examination and constant comparison" (Zhang and Wildemuth 2009).
The DWG held four data management workshops for graduate students during the 2011 -2012 academic year at UMass Amherst. UMass Amherst is a public research and land-grant university in Amherst, MA, and the flagship of the University of Massachusetts system, with 28,084 undergraduate and graduate students and 1,121 full-time instructional faculty. Workshops titled "Data Management Basics" aimed to provide students with a broader context for core elements of data management such as effective data storage options, sharing and reuse policies, metadata, ethical and legal considerations, and preservation of data. The workshops identified external data management tools as well as campus-based resources for data management.
Instructors included DWG members, with librarian representatives from the following areas: scholarly communication, systems, science reference, social sciences research services, and special collections and archives.
The workshops were formatted as no-cost 90-minute sessions; all four workshops consisted of a 45-minute presentation by DWG members followed by a question-and-answer session. At the beginning of the first three workshops, index cards were circulated to the attendees, who were asked to write down questions about data management and what they hoped to learn from the workshop. For the fourth workshop, students were asked to submit these questions, which were addressed during the question and answer session of the workshops, with their RSVPs. Evaluations were collected at the conclusion of each workshop.
The workshops were advertised to the grad-181 uate student body through the Graduate School, faculty contacts, the UMass Amherst campus-wide events calendar, and the Libraries' Data Management web pages. Two of the workshops were open to graduate students of all disciplines and two of the workshops were targeted toward major discipline groups: Science and Engineering disciplines and Social Sciences and Humanities disciplines. While the format of the workshops remained fairly consistent, the content was modified iteratively, based on workshop evaluation feedback, to better target the needs of each group. In conjunction with the first Data Management Basics workshop, the DWG created a Data Management LibGuide as a complementary resource specifically for graduate students. The LibGuide includes much of the information covered in the workshop presentations, including context and best practices for data management, links to local and third-party tools, and information on research ethics and data citation (UMass Amherst Libraries 2012).
Results

Pre-workshop responses
Pre-workshop participant responses on data management and what the participants hoped to learn were grouped into several general categories. Common responses are represented in Table 1 . In general, students are overwhelmed by the amount and variety of data they encounter in their research and express a desire to learn about effective techniques and tools to stay organized. Data storage and organization were predominant themes in pre-workshop feedback, where data sharing and access were not mentioned prior to instruction.
Graduate Student Participation and Disciplinary Information
Twenty-three students attended a September 2011 workshop marketed to all graduate students; 10 students attended a December 2011 workshop for Social Sciences and Humanities graduate students; 27 students at- There was diverse disciplinary representation at the workshops. At all workshops, more students from the Natural Sciences attended than those from Engineering. While the turnout for the December 2011 workshop for Social Sciences and Humanities students was the lowest, Social and Behavioral Sciences and Humanities represented over 50% of the attendees at the March 2012 workshop, which was marketed to all graduate students. Students from the Health Sciences attended both general workshops, but none attended the session for Sciences and Engineering. Figure 1 represents workshop attendees by date and discipline. Across all workshops, Geosciences was the most represented discipline with six attendees. Regional Planning; Public Health; Plant, Insect, and Social Sciences; Molecular and Cellular Biology; Management; Chemistry; and Biology were also well represented with five attendees. Psychology and Industrial Engineering each brought four attendees, while Polymer Science, Organismic and Evolutionary Biology, Mechanical Engineering, Kinesiology, History, and Chemical Engineering brought three attendees. The number of total workshop attendees by discipline is represented in Figure 2 .
Post-workshop Feedback
After each workshop, participants were encouraged to fill out a brief evaluation. The survey questions were: What did you learn? What questions do you still have? How can The responses illustrated that attendees walked away with a general overview of data management practices. For example, respondents wrote: Attendees also wanted information about general online resources where they could learn more about data management. Themes from the responses are presented in Table 3 .
A majority of the suggestions for improving the workshop were based around providing more specific information, whether it was on tools, practices, or discipline-based differences in data management. For example: 185 Themes from the responses are presented in Table 4 .
Discussion
Although students attend these workshops with general expectations about learning to organize, collect, describe, and manipulate data (Table 1) , the DWG found that they are really looking for this information delivered in discipline-specific ways.
Targeting large groups and broad categories of students makes preparing and delivering a successful workshop a challenge due to the students' need for examples, demonstrations, and tools specific to their disciplines. In multidisciplinary groups, students reported that examples given were too generic to be meaningful. For example, the term metadata was confusing for many students. This concept may have been delivered more ef-fectively in a discipline-focused setting where students could see metadata examples in their own field. In large groups, the range of experience with technologies varies widely. For those with a solid technical background, general best practices are unsatisfying, where they may be sufficient for those with little technical experience.
Based on the student feedback received, the DWG sees use in both broad-based data management overviews and tailored, discipline-specific workshops. Introductions to data management may be most beneficial to incoming graduate students before they become engrossed in their research. Given the feedback the DWG has received on past workshops, a more fully developed data management curriculum, targeted to and modified for specific disciplines, would provide a more effective mechanism for engaging graduate students about research data management at UMass Amherst. Going forward, the DWG plans to review and adapt existing approaches such as the University of Massachusetts Medical School and Worcester Polytechnic Institute Libraries' Frameworks for a Data Management Curriculum for undergraduate and graduate students. This framework is not discipline specific, but utilizes examples from scientific disciplines to illustrate the concepts covered.
In addition to continuing general best practice workshops, the DWG is exploring delivering discipline-specific workshops upon request for students who desire data management best practices in their disciplinary context. For example, when planning a workshop through the Digital Humanities Initiative at UMass, the DWG sent out a questionnaire to participants to directly inform the workshop content. The questionnaire aimed to discover the participants' role in data management, their need for collaboration, their familiarity with common data management tools, and their data management needs.
Conclusion
The University of Massachusetts Amherst Libraries Data Working Group conducted four workshops for graduate students during the 2011-2012 academic year. Although the workshops were well-received by attendees, evaluations indicate that more disciplinespecific information is desired. Based on the feedback received before and after these workshops, the DWG plans to give both broad-based, discipline agnostic workshops as well as on-demand, discipline-specific workshops. Targeting workshops to narrow disciplines requires a greater investment of DWG members' time, but may be a more effective way to engage the range of graduate students with research data management training needs. 
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